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(57) ABSTRACT

Power saving in wireless networks 1s disclosed. A wireless
network entity that includes a module to enable a reduction in
power consumption in that wireless network entity 1s also
disclosed. The module 1s configured to determine that a
selected wireless station of one or more wireless stations
associated with the wireless network entity 1n a same wireless
network will transmait system control information (including
synchronization information and service 1dentification infor-
mation) that 1s normally transmitted by the wireless network
entity.

12 Claims, 6 Drawing Sheets
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POWER SAVING IN WIRELESS NETWORK
ENTITIES

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This patent application 1s a continuation application of
U.S. patent application Ser. No. 13/747,802, filed on Jan. 23,

2013. U.S. patent application Ser. No. 13/747,802 1s incorpo-
rated herein by reference.

BACKGROUND OF THE DISCLOSURE

The number, prevalence and importance of wireless net-
works are increasing more and more every day. Wireless
access points are common devices found in wireless net-
works. One function of a wireless access point 1s to transmit
beacon frames in the coverage area of the wireless access
point to provide necessary information to other network
devices. It 1s conventional that the wireless access point 1s
operating to continually transmit beacon frames on a periodic
basis regardless of whether the wireless access point 1s 1n a
tully on mode or, for example, a power saving state where the
wireless access point 1s only partially functional; however it
will be appreciated that a higher power consumption 1s asso-
ciated with continually transmitting beacon frames on a peri-
odic basis as compared to a scenario mvolving non-continual
transmission of beacon frames.

Accordingly, it would be advantageous to improve power
saving techniques 1n wireless access points.

SUMMARY

According to one example embodiment, there 1s provided
a method that 1s carried out by a wireless access point. The
method mncludes notifying a plurality of wireless stations in a
basic service set of the wireless access point that a selected
one of the plurality of wireless stations will become a delegate
for transmitting beacons normally transmitted by the wireless
access point. The method also includes notifying the selected
one of the plurality of wireless stations that the selected one of
the plurality of wireless stations 1s to begin transmitting the
beacons normally transmitted by the wireless access point.
Themethod also includes discontinuing, after the notifying of
the plurality of wireless station and the notifying of the
selected one of the plurality of wireless stations, normal bea-
con transmission.

According to another example embodiment, there 1s pro-
vided amethod that 1s carried out by a wireless network entity.
The method includes determining that a selected wireless
station of one or more wireless stations 1n a same wireless
network as the wireless network entity will transmit system
control information that 1s normally transmitted by the wire-
less network entity, including synchronization information
and system information necessary for wireless stations to
initiate access to the wireless network. The method also
includes notifying the one or more wireless stations in the
wireless network that the wireless network entity will be
absent from the wireless network for a defined period of time.
The method also includes discontinuing, after the determin-
ing and the notifying, system control information transmis-
sion by the wireless network entity.

According to yet another example embodiment, there 1s
provided a wireless network entity. The wireless network
entity includes an antenna to receive and conduct wireless
signals. The wireless network entity also includes a Radio
Frequency (RF) module commumnicatively coupled to the
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antenna. The RF module 1s configured to enable communi-
cation of the wireless signals within a wireless network to
which the wireless network entity belongs. A processor 1s
communicatively coupled to the RF module. The wireless
network entity also includes a module associated with the
processor. The module 1s configured to: 1) determine that a
selected wireless station of one or more wireless stations
associated with the wireless network entity in the wireless
network will transmit system control information that 1s nor-
mally transmitted by the wireless network entity, including
synchronization information and service 1dentification infor-
mation; 11) generate a notification to be communicated to the
one or more wireless stations in the wireless network that the
wireless network entity will be absent from the wireless net-
work for a defined period of time; and 111) cause a discontinu-
ation, subsequent to the notification, of system control infor-
mation transmission by the wireless network entity.
According to yet another example embodiment, there 1s
provided a wireless network. The wireless network includes a
plurality of wireless stations that includes at least a first wire-
less station and a second wireless station. The first wireless

station 1s configured to transmit system control information,
including synchronization information and service 1dentifi-
cation information, to at least the second wireless station,
during a defined period of time. A wireless network entity of
the wireless network includes an antenna to recerve and con-
duct wireless signals. The wireless network entity also
includes a Radio Frequency (RF) module communicatively
coupled to the antenna. The RF module i1s configured to
enable communication of the wireless signals within the
wireless network. A processor 1s commumnicatively coupled to
the RF module. The wireless network entity also includes a
module associated with the processor. The module 1s config-
ured to: 1) determine that the first wireless station in the
wireless network will transmit the system control information
that 1s normally transmitted by the wireless network entity; 11)
generate a notification to be communicated to at least the first
and second wireless stations that the wireless network entity
will be absent from the wireless network for the defined
period of time; and 111) cause a discontinuation, subsequent to
the notification, of system control information transmission
by the wireless network entity.

A wireless local area network 1n accordance with a number
of example embodiments 1includes at least one network sta-
tion that has associated with a wireless access point (and
optionally some potential network stations 1n a basic service
set area plan to associate with the wireless access point).

In accordance with some example embodiments, a wireless
access point may, during an absence period, carry out other
tasks mstead of entering a power saving mode. These tasks
may include maintenance, fault recovery, re-configuration,
soltware upgrade, etc.

Thus, improved networks, wireless access points and net-
work stations have been provided.

BRIEF DESCRIPTION OF THE DRAWINGS

Retference will now be made, by way of example, to the
accompanying drawings:

FIG. 1 1s a block diagram of a wireless local area network
in accordance with example embodiments;

FIG. 2 1s a block diagram of an example embodiment of the
wireless access point shown 1n FIG. 1;

FIG. 3 1s a block diagram of an example embodiment of a
network station capable of being selected as the delegated
beacon transmitting station shown in FIG. 1;



US 9,237,518 B2

3

FIG. 4 1s a flow chart illustrating a method for implicit
designation in accordance with at least one example embodi-

ment,

FIG. 5 1s another flow chart illustrating a method for
explicit designation in accordance with at least one example
embodiment; and

FIG. 6 1s a flow chart illustrating a method for DBTS
determination 1n accordance with example embodiments.

Similar or the same reference numerals may have been
used 1n different figures to denote similar example features
illustrated 1n the drawings.

DETAILED DESCRIPTION OF
EMBODIMENTS

EXAMPL.

(L.

The term “beacon” as it 1s herein used 1s not necessarily
limited to only the meaning of beacon as understood 1n the
context of the IEEE 802.11 standard, but may also refer to any
similar system control information produced 1n other types of
wireless networks. For example, 1n a mobile network, the
system control mmformation may include synchronization
information and system information, which are broadcasted
by a wireless network entity such as, for example, a Node B in
the radio access network of a Universal Mobile Telecommu-
nications System (UMTS) mobile network. The system con-
trol mnformation contains information necessary for mobile
stations to 1nitiate access to the mobile network.

An example network scenario where example embodi-

ments of the invention may be used 1s a Wireless Local Area
Network (WLAN) such as WLAN 100 diagrammatically

illustrated 1n FIG. 1. The WLAN 100 may be based on IEEE
802.11 standard, which 1s frequently 1dentified as a standard
providing a basis for wireless network products using the
Wi-F1i™ brand. Now while some example embodiments of
the mvention are described in the context of an IEEE 802.11
WLAN, 1t should be understood that other example embodi-
ments of the invention are applicable to other types of
WLANSs incorporating other type of standards (such as, for
example, HiperLLAN).

The illustrated WL AN 100 includes a wireless access point
(AP) 104 and network stations (STAs) 108,-108.,.(where N 1s
some 1nteger greater than one). Many variations from what 1s
illustrated 1n FIG. 1 are contemplated. For example, although
the AP 104 1s shown as only a single device for convenience
of illustration, 1t 1s contemplated that an AP could be formed
by more than one physically separated devices (for example,
there could be two devices with one of the devices being an
extender device). As another example, although a plurality
STAs are shown 1n FIG. 1, there may 1n some instances be as
few as one STA. Also, it should be understood that the AP 104
1s a specific example of what 1s more generally herein referred
to as a wireless network entity.

As understood by those skilled 1n the art, the AP 104 can
transmit signals wirelessly to be received by any one or more
of the STAs 108,-108,. Similarly any one or more of the
STAs 108,-108,, can transmit signals wirelessly to be
received by the AP 104. In accordance with some example
embodiments, the AP 104 and the STAs 108,-108,, transmit
and receive signals within a specific frequency band; however
that frequency band 1s divided into a number of channels such
as, for example, eleven channels (a fewer or greater number of
channels 1s of course also contemplated).

Continuing on, 1n an infrastructure mode of the WLAN 100
implementing the IEEE 802.11 standard, the AP 104 and one
or more of the STAs 108,-108,; associated with the AP 104
form a basic service set (BSS) The AP 104 acts as a master to
control the one or more of the STAs108,-108,,,1n the BSS and
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provides access to other networks. The AP 104 transmits
beacon frames 1n 1ts coverage area to provide necessary infor-
mation for the operation of the BSS. The information includes
timestamp for synchronization, beacon interval, service set
identifier (SSID), etc. The time when a beacon 1s sent 1s called
target beacon transmission time (T BTT). An STA should first
synchronize with the AP based on the timestamp included 1n
the beacon and associate with the AP 104 belore it 1s able to
do communication through the AP 104.

Regarding normal beacon transmission from the AP 104,
this 1s generally a periodic beacon transmission (i.€. the bea-
con transmission recurs at regular intervals); however those
skilled 1n the art will appreciate that this need not necessarily
always be the case. As an example, a beacon transmission
normally expected at one 1instance 1n time may be delayed for
some reason such as, for example, the AP 104 being unable to
transmuit the beacon at the expected time because of a conflict
in resources resolved 1 favor of some other operation being
carried out within the AP 104. Thus, a beacon transmission
normally expected at one instance 1n time may be delayed for
actual transmission to occur at a later instance 1n time.

According to some example embodiments of the invention,
the AP 104 assigns one of the STAs 108,-108,,(STA, 108, in
FIG. 1) as a delegate to transmit beacons during its absence.

This assigned delegate 1s herein referred to as a Delegated
Beacon Transmitting Station (DBTS). The DBTS therelore
" the AP 104 during

transmits beacons 1n the BSS on behalf of
its absence.

When the AP 104 determines that 1t needs to be absent from
the network communications (for example, for the purpose of
power saving), the AP 104 transmaits a leaving notice to the
STAs 108,-108,; in the WLAN 100, notifying its plan of
absence timing. The leaving notice may contain information
about the start time and the duration of the absence. For
example, the leaving notice may indicate that the absence of

the AP 104 will start from next TB'TT and last for N beacon
intervals. Assuming current TBTT 1s TBTT, , the STAs 108, -
108 ., that rece1ves this leaving notice can understand that the
AP 104 will be absent from 1BTT, , ;, and back on TBTT,,
1+~) and no data transmission and reception can be expected
during this period. The leaving notice can be included 1n a
beacon, a probe response, an action frame, etc. For example,
an information element named °‘leaving notice’ can be
included 1n a beacon transmitted by the AP 104 prior to the
start time of the absence. The information element of the
leaving notice includes start time, absence duration and
optionally remained duration. In the leaving notice, the
remained duration 1s the same as the absence duration. The
start time, absence duration and remained duration may be
described using relative or absolute value such as, for
example, in numbers of beacon interval or in numbers of time
unit.

Also, before continuing on 1n the description of example
embodiments, 1t should lastly be noted that, 1n regards to the
network of FIG. 1 that has been shown and described herein,
certain specific details not suificiently relevant to an under-
standing of example embodiments may have been omitted so
as not to obscure mventive features disclosed herein.

Now continuing on, FIG. 2 1s a block diagram of an
example embodiment of the AP 104 shown 1n FIG. 1. The
illustrated AP 104 includes an antenna 105 for receiving and
conducting wireless signals. The illustrated AP 104 also
includes an Radio Frequency (RF) module 204, a subsystem
of the AP 104, to enable wireless communication within a
WLAN (and, 1n some examples, some other type of wireless
network as well). The RF module 204 may include a recerver,
a transmitter and other components known to those skilled 1n
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the art. The AP 104 of FIG. 2 also includes a processor 208
that controls the overall operation of the AP 104. The proces-
sor 208 interacts with the RF module 204 and also interacts
with further subsystems of the AP 104 such as storage 216 and
other device subsystems 220. The processor 208 may include
a Media Access Control (MAC)/baseband (BB) processing
module 264 and delegating authority module 260. The del-
egating authority module 260 may interact with the MAC/
baseband processing module 264 to implement some
example embodiments. Alternatively, the delegating author-
ity module 260 may be included 1n the MAC/baseband pro-
cessing module 264 to implement some example embodi-
ments. The other device subsystems 220 includes those
subsystems understood by those skilled in the art as needed to
ensure proper operation and functioning of the AP 104, as
well as any suitable number of additional optional sub-
systems. An example of the former type of subsystem would
be a power supply subsystem for powering the AP 104,
whereas an example of the latter type of subsystem would be
a wireline communications subsystem in order to support
some form of communications that 1s wireline-based such as,
for example, Ethernet-based communications.

In the illustrated example embodiment, operating system
software 230, delegating authority software 232, MAC/BB
processing software 234, and other software 236 are stored in
storage 216. In some examples, the storage 216 1s a nonvola-
tile storage such as, for example, flash memory. In accordance
with such examples, those skilled in the art will appreciate
that software and applications (or parts thereol) may be tem-
porarily loaded into a volatile storage such as some form of
random access memory (not explicitly shown). Furthermore,
it 1s also contemplated that communication signals recerved
by the AP 104 may be stored 1n such random access memory.

The processor 208, 1n addition to 1ts operating system
functions, can enable execution of software (for example, the
delegating authority software 232 and the MAC/BB process-
ing software 234) on the AP 104. In some examples, the
processor 208 1s configured to implement a number of mod-
ules for interacting with the various device subsystems or
other modules described or mentioned above. In some
examples, some or part of the functionality of a number of
these modules can be implemented through firmware or hard-
ware components instead of, or in combination with, com-
puter software instructions executed by the processor 208 (or
other processors).

In some example embodiments, the AP 104 includes
another processor (1.. 1n addition to the illustrated processor
208). This additional processor 1s known as an application
processor. In such example embodiments, the application
processor 1s able to communicate with the processor 208 to
implement some example embodiments related to higher
layer (1.e. layers above MAC layer) functions. Examples of
higher layer functions include authentication, network man-
agement and a variety of applications. In some example
embodiments, the processor 208 may have i1ts own Random
Access Memory (RAM) and firmware (1.e. firmware to
implement a MAC/BB processing module and a delegating
authority module, which may be a sub-module of the MAC/
BB processing module or a separate module). The application
processor may also have its own Random Access Memory
(RAM) and firmware. In other example embodiments, the
processor 208 and the application processor may use the same
Random Access Memory (RAM). Also, the application pro-
cessor may be implemented on an entirely different integrated
circuit chip than the processor 208. Alternatively, the appli-
cation processor may be disposed on a same integrated circuit

chip.
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Returning again to the illustrated example embodiment,
under mstructions from the delegating authority software 232
resident on the AP 104, the processor 208 could be configured
to implement delegating authority module 260. The delegat-
ing authority module 260 facilitates implementation of all
methods herein described in connection with selection and
handling of DBTS assignment (and associated methods),
including methods that will be later herein described 1n con-
nection with FIGS. 4-6.

As a second module example, under instructions from the
MAC/BB processing software 234 resident onthe AP 104, the
processor 208 could be configured to implement MAC/BB
processing module 264. As previously explained, the MAC/
BB processing module 264 1s for managing some or all func-
tions that are related to MAC and/or physical layer. Further-
more, the delegating authority module 260 may be, as
previously mentioned, a sub-module of the MAC/BB pro-
cessing module or a separate module.

Continuing on, FIG. 3 1s a block diagram of an example
embodiment of an STA 108, (1.¢. any one of the STAs 108, -
108, shown 1n FIG. 1). The 1llustrated STA 108_ includes an
antenna 301 for recerving and conducting wireless signals.
The 1llustrated STA 108_also includes an RF module 304, a
subsystem of the STA 108 _, to enable wireless communica-
tion within a WL AN (and, 1n some examples, some other type
of wireless network as well). The RF module 304 may include
a recerver, a transmitter and other components known to those
skilled 1n the art. The STA 108, of FIG. 3 also includes a
processor 308 that controls the overall operation of the STA
108.. The processor 308 interacts with the RF module 304
and also interacts with further subsystems of the STA 108
such as storage 316 and other device subsystems 320. The
processor 308 may include MAC/baseband processing mod-
ule 364 and delegating client module 360. The delegating
client module 360 may interact with the MAC/baseband pro-
cessing module 364 to implement example embodiments.
Alternatively, the delegating client module 360 may be
included i the MAC/baseband processing module 364 to
implement example embodiments. The other device sub-
systems 320 includes those subsystems understood by those
skilled 1n the art as needed to ensure proper operation and
functioning of the STA 108, as well as any suitable number
ol additional optional subsystems. An example of the former
type of subsystem would be a power supply subsystem for
powering the STA 108, whereas an example of the latter type
of subsystem would be a wireline communications subsystem
in order to support some form of communications that i1s
wireline-based such as, for example, Ethernet-based commu-
nications.

In the example embodiment, operating system software
330, delegating client software 332, MAC/BB processing
software 334, and other software 336 are stored in storage
316. In some examples, the storage 316 1s a nonvolatile stor-
age such as, for example, flash memory. In accordance with
such examples, those skilled 1n the art will appreciate that
soltware and applications (or parts thereol) may be tempo-
rarily loaded into a volatile storage such as some form of
random access memory (not explicitly shown). Furthermore,
it 1s also contemplated that communication signals recerved
by the STA 108_may be stored in such random access
memory.

The processor 308, 1n addition to i1ts operating system
functions, can enable execution of software (for example, the
delegating client software 332 and the MAC/BB processing
soltware 334) on the STA 108 _. In some examples, the pro-
cessor 308 15 configured to implement a number of modules
for interacting with the various device subsystems or other
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modules described or mentioned above. In some examples,
some or part of the functionality of anumber of these modules
can be implemented through firmware or hardware compo-
nents instead of, or in combination with, computer software
istructions executed by the processor 308 (or other proces-
SOr's).

In some example embodiments, the STA 108, includes
another processor (1.¢. 1n addition to the 1llustrated processor
308). This additional processor 1s known as an application
processor. In such example embodiments, the application
processor 1s able to communicate with the processor 308 to
implement some example embodiments related to higher
layer (1.e. layers above MAC layer) functions. Examples of
higher layer functions include authentication, network man-
agement and a variety of applications. In some example
embodiments, the processor 308 may have 1ts own Random
Access Memory (RAM) and firmware (1.e. firmware to
implement a MAC/BB processing module and a delegating
client module, which may be a sub-module of the MAC/BB
processing module or a separate module). The application
processor may also have its own Random Access Memory
(RAM) and firmware. In other example embodiments, the
processor 308 and the application processor may use the same
Random Access Memory (RAM). Also, the application pro-
cessor may be implemented on an entirely different integrated
circuit chip than the processor 308. Alternatively, the appli-
cation processor may be disposed on a same integrated circuit
chip.

Returming again to the illustrated example embodiment,
under instructions from the delegating client software 332
resident on the STA 108 _, the processor 308 could be config-
ured to implement delegating client module 360. The delegat-
ing client module 360 enables the STA 108 _to take necessary
action 1n response to receipt of leave notices from the AP 104,
as well as any necessary action 1n connection with acceptance
of DBTS assignment and change 1n operation associated with
assumption of a DBTS role.

As a second module example, under 1nstructions from the
MAC/BB processing soitware 334 resident on the STA 108,
the processor 308 could be configured to implement MAC/

BB processing module 364. As previously explained, the
MAC/BB processing module 364 1s for managing some or all
functions that are related to MAC and/or physical layer. Fur-
thermore, the delegating client module 360 may be, as previ-
ously mentioned, a sub-module of the MAC/BB processing
module or a separate module.

Also, belfore continuing on 1n the description of example
embodiments, 1t should lastly be noted that, 1in regards to the
network devices of FIGS. 2 and 3 that have been shown and
described herein, certain implementation specific details not
suificiently relevant to an understanding of example embodi-
ments may have been omitted so as not to obscure inventive
teatures disclosed herein.

Now referring again to FIG. 1, The AP 104 can select and
designate one of the STAs 108,-108.; as a DBTS during 1ts
absence. The de81gnat10n may be explicitly announced to all
the STAs 108,-108,,1n the BSS or implicitly notified to only
the STA selected as the DBTS. In the case of explicit de81g-
nation, the AP 104 may send, to all the STAs 108 ,-108,,1n the

WLAN 100 a designation message 111e1ud111g at least the
MAC address of the STA, 108, selected as the DBTS. The

designation can be included in the leaving notice or sent as a
separate message. The designation message can also be
included 1n, for example, a beacon, a probe response, an
action frame, etc. In the case of implicit designation, the AP
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104 may send the designation message only to the STA, 108,
selected as the DBTS through, for example, 1n a specific
action frame.

FIG. 4 1s a flow chart illustrating a method 400 1n accor-
dance with at least one example embodiment. As a first action
in the 1llustrated method 400, the AP 104 detects (410) aneed

to be absent. The need to be absent can be for any of the
reasons that are described 1n this patent specification.

Next, the AP 104 sends (420) a leaving notice to the STAs
108,-108,, in the WLAN 100. The details of this leaving,
notice have already been herein described.

Next, the AP 104 selects (430) a DBTS (i.e. one ol the STAs
108,-108,,). Also, 1t should be noted that the action 430 need
not necessarily occur after the action 420. The order could be
cither way.

The second last action 1n the illustrated method 400 1s the
AP 104 sending (440) a delegation message to the selected
DBTS. As mentioned before, the designation could be
implicit or explicit. In case of implicit designation, the des-
ignation message may be addressed to all the STAs 108, -
108, in the BSS using a broadcast frame. In case of implicit
designation, the designation message may be sent to the STA
selected as the DBTS using a unicast frame. The details of this
delegation message have already been herein described. Also,
1t should be noted that the action 440, like the action 430, need
not necessarily occur after the action 420. The order could be
cither way.

Finally at action 450, the AP 104 goes oftline from the BSS.

FIG. 5 1s a flow chart illustrating a method 500 for explicit
designation in accordance with at least one example embodi-
ment. As a first action 1n the illustrated method 500, the AP
104 detects (510) a need to be absent. The need to be absent
can be for any of the reasons that are described 1n this patent
specification.

Next, the AP 104 selects (515)aDBTS (1.e. one of the STAs
108,-108,,).

Next, the AP 104 sends (520), tothe STAs108,-108,.inthe
WLAN 100, a leaving notice identifying one of the STAs
108,-108,, as a selected DBTS. The details of this leaving
notice 1n accordance with explicit designation have already
been herein described.

Finally ataction 530, the AP 104 goes oitline from the BSS.

Table 1 below details the structure of one possible leaving
notice of a type for either the method 400 or the method 500.

TABL.

L1l

1

Example L.eave Notice

Part 6
(explicit
Part 1 Part 2  Part 3 Part4  Part 3 designation
Element ID Length  Start Time Duration Duration  DBTS Info
Remaining

In some examples, the leaving notice follows a common
general format as defined 1n IEEE 802.11, which consists of
a 1 octet Element ID field, a 1 octet length field and a variable-
length element-specific information field. As shown 1n Table
1, the information field 1n a leaving notice may include Start
Time, Duration, Duration Remaiming, and DBTS Info for
explicit designation.

Part 1—Element ID: each information element of beacon
frame (in IEEE 802.11, there may be several information
clements 1n one beacon frame) 1s assigned a unique Element

ID. The leaving notice may use one of the reserved Element
IDs defined 1n IEEE 802.11 standard.




US 9,237,518 B2

9

Part 2—Length: Length field describes the length of the
information field.

Part 3—Start Time: 1f Start Time 1s set to 1, it means that the
AP 104 will be absent from next IBTT (1.e. IBTT ;)

Part 4—Duration: 1f Duration 1s set to N, 1t means that the
AP 104 will be absent for N beacon intervals

Part 5—Duration Remaining: 1t indicates the remained
Duration before the AP comes back

Part 6—DBTS Info (explicit designation): DBTS Info pro-
vides 1indication of which of the STAs 108,-108,,1s going to
be the DBTS.

Prior to the selection and designation, the AP 104 may
collect a candidate list of those STAs of the STAs 108,-108.,;
that are capable of acting as a DBTS (1.e. those STAs are
capable of transmitting beacons 1n the WLAN 100 on behalf
of the AP 104). An STA may provide the indication of 1ts
capability as a potential DBTS to the AP 104 during associa-
tion procedure, or 1t may submit 1ts capability as a response to
a request from the AP 104.

In some example embodiments, the AP 104 selects one of
the STAs 108,-108,,as a DBTS from the candidate list: 1) on
a random basis; 11) according to some predetermined criteria;
or 111) according to default configurations. In case 111), one of
the STAs 108,-108,,1s configured as the default DBTS, and
the AP 104 1s configured to use the default DBTS during its
absence. When this STA has received a leaving notice from
the AP 104, 1t will act as DBTS to transmit beacons during the
defined absence period of the AP 104. In this case, 1t may not
be necessary for the AP 104 to send a designation message to
the STA that will act as DBTS.

According to one example embodiment, the AP 104
selects, from the candidate list, an STA that 1s nearby as the
DBTS. When done this way, an impact may be that the cov-
erage ol the beacon signals provided by the nearby STA could
be similar to that provided by the AP 104. This may be
beneficial in terms of: 1) substantial minimization of unex-
pected iterference to other WLANS; and 11) increased prob-
ability of providing the same coverage as managed by the AP
104.

The AP 104 may use a variety of mechanisms to determine
whether an STA 1s nearby. In one example embodiment, the
AP 104 may use a direct knowledge of the network topology
to 1dentify a nearby STA. Topology discovery mechanisms,
such as report-based topology discovery or Logical Link
Layer-based topology discovery, and others are well known
to those skilled in the art and can be used individually or in
combination to gain such knowledge. In another example
embodiment, the AP 104 may assume that an STA 1s nearby 1f
the quality of the link between the AP 104 and the STA 1s
better than others. The quality of the links between the AP 104
and the STAs 108,-108,, can be determined based on mea-
surements on received signals at the AP 104 and/or measure-
ments reported from the STAs 108,-108,..

For instance, the AP 104 may, 1n accordance with what will
be herein referred to as a first example embodiment for DBTS
determination, send specific requests to either all or a defined
group of the STAs 108,-108.,,1n the BSS, and then each STA
having received the request will send back a corresponding
response message. The AP 104 could measure, for example,
the recerved signal strength of each response message. The
response message may include some parameters such as the
transmit power used to transmit the message. The AP 104,
therefore, 1s able to estimate (and thus determine) the link
quality between the AP 104 and the corresponding STA con-
sidering the measurement results and the parameters included
in the response message. Now this link quality indicator has a
key role 1n this first example embodiment for DBTS determi-

10

15

20

25

30

35

40

45

50

55

60

65

10

nation, because once the link quality indicator 1s obtained 1t
can then be used to 1dentity the best candidate for delegation.
For example, the AP 104 may choose the closest one of the
STAs 108,-108., as the delegate.

In another example embodiment, the AP 104 may use
“Transmit Power Control (TPC) request” and “TPC report™
defined 1n IEEE 802.11 as the specific request and the corre-
sponding response, respectively. The AP 104 sends a “TPC
request” to each or a defined group of the STAs 108,-108 . 1n
the BSS. As a response, each of the STA 108,-108,; having
received “TPC request” replies with a “T'PC report” including
information about the transmit power used to transmit the
“TPC Report” frame and the link margin at the time and for
the rate at which the frame containing the “TPC Request”
frame was received. In some examples, the STAs transmit the
“TPC Report” frames at the same transmission data rate (such
as, for example, the basic data rate). This can facilitate the
comparison by the AP 104.

In accordance with what will be herein referred to as a
second example embodiment for DBTS determination, the
AP 104 uses a modified procedure of “measurement request”™
and “measurement report” as defined in IEEE 802.11 to col-
lect information for link quality estimation. For example, the
AP 104 may send a measurement request to the STAs 108, -
108, with measurement start time and measurement dura-
tion defined. The measurement type may be set as “receive
power indication (RPI) histogram request”. The Channel
number may be set to the channel number that 1s currently
used by the AP 104. After conducting the measurement, the
STAs 108,-108,; may respond with a measurement report
including RPI histogram report. The AP 104 can then carry
out link quality estimation (and thus determine link quality)
based on the collected RPI information.

FIG. 6 1s a flow chart 1llustrating a method 600 for DBTS
determination. This tlow chart helps provide, at least 1n some
respects, a generalization of the previously described first and
second example embodiments for DBTS determination.

As a first action 1n the 1llustrated method 600, the AP 104
sends (610) requests (such as, for example, measurement
requests) to all of the STAs 108 ,-108,, 1n the BSS. Alterna-

tively, the AP 104 might send requests to some defined num-
ber of the STAs 108,-108,, less than all of the STAs 108, -
108, 1n the BSS.

Next, the AP 104 recerves (620) measurement reports (or
response messages) from all of the STAs 108,-108,; in the
BSS. Alternatively, in the case where the AP 104 only sent
requests to a defined number of the STAs 108,-108,,less than
all of the STAs 108,-108,,1n the BSS, then 1n such a case the
AP 104 would only recerve measurement reports (or response
messages) from those STAs.

Next, the AP 104 determines (630) the best link quality. As
previously mentioned and described, there are different spe-
cific ways of determining the best link quality.

Finally, the AP 104 selects (640) the STA with the best link
quality to become the DBTS.

The method of FIG. 6 1s not the only contemplated method
for DBTS determination. In conjunction with alternative
example embodiments for DBTS determination, the AP 104
may use different frames or messages specially defined for
the purpose of some example embodiments. Furthermore, the
AP 104 may use a combination of a variety of information
collected from several different procedures such as, for
example, the TPC request/report procedure, the measurement
request/report procedure and/or the specially defined proce-
dure, to estimate link quality.
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In accordance with some example embodiments, all of the
information used for the link quality estimation may be col-
lected within a certain time period (in order to achieve com-
parable estimation results).

In accordance with at least one example embodiment, the
AP 104 selects a DBTS considering the power supply status
of the STAs in the candidate list. The AP 104 may request
information about the power supply status from the STAs 1n
the candidate list.

In accordance with another example embodiment, the AP
104 may transmit a message calling for volunteers for a
DBTS, and then select an STA from the volunteers as the
DBTS.

Also, 1t 1s contemplated that the AP 104 may selecta DBTS
using a combination of the mechanisms described above.

During the absence period of the AP 104, the DBTS trans-
mits beacons in the BSS on behalf of the AP 104 (1t 1s
expected that a beacon contains the same SSID as used by the
AP 104). The beacons may be transmitted using the same
channel as used by the AP 104. The beacon interval can be
kept the same or may be longer than that of the AP 104 so as
to save the power of the DBTS. This can facilitate the recov-
ery of the normal communication in the BSS when the AP 104
comes back. The format of the beacon transmitted by the
DBTS may be the same as that transmitted by the AP 104. In
addition to the information element contained 1n a normal
beacon frame, the beacon transmitted by the DBTS contains
an information element similar to the leaving notice, includ-
ing start time, absence duration and/or remained duration.
The remained duration 1s updated i each TBTT so as to
reflect the remained duration of the absence of the AP 104.
The start time, absence duration and remained duration may
be described using relative or absolute value such as, for
example, 1n numbers of beacon interval or in numbers of time
unit. In the case of explicit designation, the delegated AP may
use 1ts own MAC address as Basic Service Set Identifier
(BSSID) when 1t transmits beacons on behalf of the AP 104.
In the case of implicit designation, the delegated AP may use
the MAC address of the AP 104 as BSSID.

The updated plan of absence timing of the AP 104 1s there-
fore conveyed by the DBTS to the potential STAs 1n the BSS
area that plan to associate with the AP 104. This way, the
potential STAs can be aware of the time when the AP 104 will
wake up, so that they can wait to start the association proce-
dure with the AP 104 when the AP 104 wakes up. In addition,
an STA may deliver a message to 1ts user to inform of the
approximate waiting time before 1t connects to the AP 104.
This may save power of the potential STAs and reduce inter-
terence to other BSSes by reducing the attempts of scanning
channels or transmitting probe requests. Furthermore, the
potential STAs may obtain information necessary for 1t to
initiate access to the WLAN 100 from the beacon conveyed
by the DBTS betore the AP 104 comes back.

During the absence period, the AP 104 may enter some
form of power saving mode and needs not to even transmit
beacons. For example, the AP 104 may disable its transmis-
sion part and turn to a listen-only mode. Furthermore, 1t 1s
contemplated that the AP 104 may only periodically enable
its reception part to listen to the beacons transmitted by the
DBTS.

In another embodiment, the AP 104 disables both trans-
mission and reception parts until the planned wake-up time.
In order to achieve better synchronization with the TBTTs
transmitted by the DBTS, the AP 104 may enable 1ts reception
part in advance such as, for example, a few TBT'T's before the
planned wake-up time. The time advance 1s configured to be
enough for the AP 104 to synchronize using the timing con-
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tained 1n the beacons. This may facilitate the synchronization
between the STAs 108,-108,, and the AP 104 when the bea-

con transmission 1s switched back to the AP 104.

An alternative use scenario 1s contemplated 1n conjunction
with some example embodiments. In particular, the AP 104
may, during the absence period, carry out other tasks instead
of enter power saving mode. The tasks may include, for
example, maintenance, fault recovery, re-configuration, soit-
ware upgrade, etc.

During the absence period of the AP 104, any other STA
that has already associated with the AP 104 may enter power
saving mode. The associated STA may use information con-
tained 1n the leaving notice to configure 1ts own power saving
mode, for example, so as to align the timing of the power
saving mode of the STA according to the absence timing of
the AP 104. In some examples, the associated STA may
tollow the procedures for power saving mode as defined 1n
IEEE 802.11.

After the beacon transmission 1s switched back to the AP
104, the associated and potentially associated STAs synchro-
nize using the timing information 1n the beacons sent by the
AP 104.

In terms of determining a proper timing of absence, the AP
104 may use a variety ol mechanisms to evaluate whether a
suitable situation 1s presenting itself. For example, the AP 104
or a management unit related to the AP 104 may collect data
that reflects the daily usage of the AP 104 by users (the STAs
108,-108.,). It 1s contemplated that the data can be dernived
from some events such as, for example, association/de-asso-
ciation requests and power mode indications from the STAs
108,-108,..

The AP 104 or 1ts management unit then analyzes the
collected data and identifies different periods reflecting the
usage of the AP 104. For example, 11 data collected during the
past week shows that the BSS 1s busy from 8:00 am to 11:0
pm and from 2:00 pm to 6:00 pm every day, a first period 1s
then identified as from 8:00 am to 11:00 pm and from 2:00 pm
to 6:00 pm. In addition, the AP 104 or the management unit
may 1dentily a second period when the usage of the AP 1s less
dense. For example, if data collected during the past week
shows that the BSS 1s less busy but there are some association
activities from 11:00 pm to 2:00 pm every day, the second
period 1s then 1dentified as from 11:00 pm to 2:00 pm. The AP
104 or 1ts management umit may further identity a third period
when no STA 1s using the AP 104. For example, if data
collected during the past week shows that the BSS 1s1dle from
midnight to 5:00 am every day, the third period 1s then 1den-
tified as from midnight to 5:00 am.

The above-mentioned second period may be a period for
the AP 104 to employ one or more methods 1n accordance
with example embodiments herein disclosed. Therefore,
when the AP 104 needs to be absent for power saving or
carrying other tasks mentioned above, 1t may schedule the
absence within the second period and 1t may trigger one or
more methods in accordance with example embodiments
herein disclosed.

It1s contemplated that, 1n different periods, the AP 104 may
employ different methods 1 accordance with example
embodiments. For example, during the previously mentioned
first period, the AP 104 may trigger another method, such as,
for example, one of various methods as defined 1n “Wi-F1™
Peer-to-Peer (P2P) Technical Specification” version 1.1. Fur-
thermore, during the third previously mention period, the AP
104 may, for example, simply switch off or use one or more of
the methods described 1n accordance with example embodi-
ments herein disclosed.
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Certain adaptations and modifications of the described
embodiments can be made. Therefore, the above discussed
embodiments are considered to be 1llustrative and not restric-
tive. For example, although the various example embodi-
ments have been described based on the scenario of a WLAN
network, 1t should be understood that at least some example
embodiments should not be limited to WLAN networks.
Another scenario 1s, for example, a P2P network according to
“Wi-F1™ Peer-to-Peer (P2P) Techmical Specification” ver-
sion 1.1 by Wi-Fi™ Alliance. The group owner defined 1n that
specification acts as the AP described in conjunction with
example embodiments of the invention. At least some
example embodiments of the mvention can be used 1n other
networks where at least one client device communicates with
other clients or external terminals through a master device,
and the master device uses beacons or broadcasting messages
to deliver common 1nformation (such as, for example, syn-
chronization information, system information, measurement
control information) to all clients 1n 1ts network. Fixed broad-

band wireless access systems (such as, for example, WiMax)
and mobile networks (such as, for example, GSM/UMTS,

CDMA/CDMAZ2000 and L'TE) are examples of these type of
networks (note: GSM 1s an acronym for Global System for
Mobile Communications, CDMA 1s an acronym Code Di1vi-
sion Multiple Access and L'TE 1s an acronym for Long Term
Evolution). In accordance with some example embodiments,
base stations or relay nodes may be the master devices, and
mobile stations and subscriber stations may be the clients.

The mvention claimed 1s:

1. A method comprising:

receiving, at a wireless station 1n a wireless network that

comprises a wireless access point and the wireless sta-
tion, a notification, from the wireless access point, that
the wireless station will become a delegate for transmit-
ting beacons normally transmitted by the wireless access
point; and

transmitting, by the wireless station, beacons normally

transmitted by the wireless access point and also 1nfor-
mation reflecting remained duration of absence of the
wireless access point.

2. The method as claimed 1n claim 1, wherein the wireless
network further comprises one or more wireless stations in
addition to the wireless station.

3. The method as claimed 1n claim 1, wherein the informa-
tion reflecting the remained duration of the absence of the
wireless access point 1s included 1n a beacon frame.
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4. The method as claimed in claim 1, wherein the informa-
tion reflecting the remained duration of the absence of the
wireless access point 1s updated periodically.

5. The method as claimed 1n claim 1, wherein the notifica-
tion comprises a leave notice that includes information about
start time and duration of absence of the wireless access point
to be absent from the wireless network, and the transmitting,
COmprises:

transmitting, from the start time and for the duration of

absence, beacons normally transmitted by the wireless
access point.

6. The method as claimed 1n claim 1, wherein the notifica-
tion 1s included 1n a broadcast or multicast message sent from
the wireless access point, and the notification includes an
indication of the address of the wireless station.

7. The method as claimed 1n claim 1, wherein the notifica-
tion 1s 1ncluded in a point-to-point message sent from the
wireless access point to the wireless station.

8. A method comprising:

recerving, at a wireless station in a wireless network that

comprises a wireless access point, the wireless station,
and at least another wireless station, beacons normally
transmitted by the wireless access point and also infor-
mation reflecting remained duration of absence of the
wireless access point, and the beacons being received
from the another wireless station; and

in response to recewving the imformation retlecting the

remained duration of the absence of the wireless access
point, waiting before trying to obtain certain access
within the wireless network until the remained duration
of the absence of the wireless access point expires.

9. The method as claimed 1n claim 8, wherein the waiting,

comprises waiting before scanning the channels of the wire-
less network.

10. The method as claimed 1n claim 8, wherein the waiting
comprises waiting before sending an association request to
the wireless access point.

11. The method as claimed 1n claim 8, wherein the waiting
comprises waiting before sending data to the wireless access
point.

12. The method as claimed 1n claim 11, wherein the waiting
turther comprises switching to a wireless station power sav-
ing mode.
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